Introduction
Ecosystem-based fishery management (EBFM) represents a revolution in a field that has been focussed on the assessment and prediction of commercial fish harvest for the past seven decades. Increasing pressure, and conflicting demands, have made marine resource management a challenge that cannot be met with traditional models. Although there is debate about the benefits of EBFM, and many are struggling to understand what it means, a picture is slowly emerging of what is required in order to operationalise the concept and to test its application in the real world. The biggest problem has been to identify ecosystem drivers, and to define measurable ecosystem metrics and indicators (Shephard et al. 2015) . It is against this background that the 5th International Otolith Symposium was convened with the theme: calcified tissues as tools to support management. The aim of the symposium was the exploration of the use of calcified structures as tools to support management and the formulation of a definition of indicators at environmental, community, population and individual levels. The growth characteristics of fish otoliths (and other structures such as scales, vertebrae, shells, coral skeletons) make them ideal indicators, incorporating information about individuals and their environment. Otolith analysis should have an important role to play in EBFM, and recent work has shown that a step-change is coming. For example, diversity, trophic levels of landings and mean life span are some of the indicators listed by IndiSeas2 (ICES 2016) that should be part of an integrated ecosystem assessment (IEA). Analysis of otoliths and other calcified structures can provide direct measurements of these across a broad range of species. Additional metrics relevant for IEA are population age structure and individual growth rate, which can be indicators of fish welfare, population status and ecosystem health.
The diversity of otolith studies
This special issue of Marine and Freshwater Research gives an indication of the multiple types of data that can be extracted from otoliths, often from the same individual, to define indicators at environmental, community, population and individual levels. The analysis of otoliths has long been a standard tool of biological analysis in studies of fish and fisheries. Routine applications continue to support resource management by providing data from age determination and validation, growth studies, and species identification. Research into otolith growth and formation has resulted in a wider array of methodologies and applications. Elemental and isotope chemistry and shape analysis have demonstrated enormous potential for using otoliths in studies of ecosystems and populations -past and present. Some of these methods have also been applied to other calcified structures, such as scales and vertebrae. Connections with the biochronology community have developed and encouraged a flow of ideas from studies of invertebrate structures, such as coral skeleton, bivalve and gastropod shells, and squid statoliths. There has been an exponential increase in research and publications that aim to unlock the secrets contained in calcified structures, and much of this work shows the potential to use these methods and results as indicators, or to help define indicators, in support of management.
Individual data derived from otolith analysis provide information on growth, from which environmental signals can often be interpreted, but these are tempered by individual fish phenotype or physiology. Grønkjaer (2016) covered fundamentals in his keynote address, emphasising that individual responses are the result of interactions between genes, physiology and the environment. He predicts that the next advances in both individual and ecosystem indicators will come from the integration of visual and chemical data (from otoliths) with bioenergetics modelling also playing a part. Indeed, biomineralisation studies of element incorporation in otoliths (Izzo et al. 2016a; McFadden et al. 2016) highlight the importance of considering the organic matrix. Surely to use otoliths as individual indicators, and otolith-derived data in ecosystembased management, we will need better models that integrate temperature, metabolism, protein matrix synthesis and the resulting element incorporation, partitioning and binding. The ability to reconstruct an individual's entire growth history provides insight into life history strategy as well as important environmental conditions (e.g. Cerna and Plaza's (2016) study of Peruvian anchovy). Stormer and Juanes (2016) tested one of the fundamental assumptions of using otolith metrics to study fish growth -the direct proportionality assumption -showing that seasonal coupling and uncoupling of otolith growth from fish growth should be considered in surveys to support management.
Validation studies continue to be a critical part of otolith or hard structure analysis, to ensure data quality and reduce uncertainties in the increasingly complicated systems of assessment and management decision-making. Radiometric methods (Campana et al. 2016; Vitale et al. 2016) , tagging studies with chemical marking of otoliths (Albert 2016 ) and direct estimates from microstructure measurements all underpin the routine ageing applications as well as the research into new applications. Campana et al. (2016) demonstrate the value of a combined approach, by utilising DNA extracted from tissue adhering to redfish (Sebastes sp.) otoliths stored in collections to determine species identity for individuals where tissue samples were not available. The taxonomic data, together with improved imaging techniques and radiocarbon age validation, produced the maximum information for each individual and better insight into different growth patterns. But the oldest methods can still be relevant - Uriarte et al. (2016) validated the ageing protocols for European anchovy by following strong year-classes, a method initially used by Hjort (1914) to follow the 1904 year-class of herring. Hjort's (1914) study also validated, among other things, the utility of scale reading for age and growth data.
Spatially explicit data about fish distributions and migration patterns are required for marine management, for example, in planning and monitoring Marine Protected Areas (MPA) or delineating essential habitat. Conditions in different water masses influence element and isotope incorporation, prompting the use of calcified tissues as geotags. Gleason et al. (2016) analysed otolith composition and hydrographic conditions, and could reconstruct age-related habitat use in two Arctic fish species. In a similar manner to elemental or isotopic geotags, fish collected from different locations may also have distinct growth patterns, which visually mark the otoliths. Stötera and Krumme (2016) found significant variability in visual quality of growth increments in otoliths of Baltic cod that led to quality problems in age readings. Instead of using this variability to indicate less reliable readings, they used the quantity and distribution of the 'poor' readings as an index or metric for spatial segregation of sub-populations.
Essential fish habitat can be an important component of ecosystem based management, and thus it is valuable to be able to determine nursery areas and develop indicators of population connectivity. The use of otolith element composition has matured as a tool in this field, as demonstrated by several papers in this special issue. As a first step in assessing population connectivity, the use of one or many nursery sources were studied by Barnett et al. (2016) for red snapper (Lutjanus campechanus) and Fraile et al. (2016) for North Atlantic albacore (Thunnus alalunga) and bluefin tuna (T. thynnus). Both studies looked for similarities in otolith core composition, and included both stable isotopes (d 13 C, d
18 O) as well as element ratios. This combination of variables is becoming more common as an elemental fingerprint or geotag, integrating the strongest signals for water mass, environmental conditions and fish growth. Lewis et al. (2016) extended the use of chemical signals to identify potential nursery areas to blacktip sharks (Carcharhinus limbatus) by measuring trace metal composition of the vertebral centra.
Determining population structure in exploited marine populations is a challenge for assessments and a worry for managers, since quotas and fishing rights need to be split and appropriately allocated. Population identification is also an increasing concern for consumers who want to know about food authenticity, and the diversity of sub-populations can be an indicator of ecosystem status in an integrated ecosystem assessment. A large number of studies are now applying otolith shape analysis to population studies. Improvements in image acquisition and analysis have increased the efficiency, and lowered the cost, making it possible to routinely process hundreds of otolith samples to achieve a high level of statistical power. Brophy et al. (2016) analysed otolith shape of bluefin tuna and illustrated how these methods can be used to improve estimates of population mixing rates and incorporate these into stock assessment. Diversity of fish assemblages may also be studied using otolith shape proxies (Tuset et al. 2016) . Otolith shape analysis methods are moving rapidly, and techniques from other disciplines are being applied to characterise otolith outlines (Harbitz 2016) and also 3-D otolith surfaces (Marti-Puig et al. 2016) .
As ecosystem-based management becomes a reality, as it becomes operationalised, it is clear that otoliths and other calcified structures will have an increasing role in producing the data required for indicators or metrics. This value is derived from two characteristics. (1) Many types of data can be extracted from the otolith (or scales, vertebrae, etc.) of a single individual, and these data provide time-stamped information about the individual, the population and the environment. (2) The archives and otolith collections, especially at fisheries institutes around the world, offer well-preserved records of the past, and can continue to provide data for indicators about past individuals, past populations, past communities and their interaction with the past environment (Izzo et al. 2016b) .
International Otolith Symposium special issues
In 2005, Marine and Freshwater Research published a special issue for the International Symposium on Fish Otolith Research and Applications that would come to be known as the 3rd International Otolith Symposium (Begg et al. 2005) . The 4th International Otolith Symposium was published in Environmental Biology of Fishes (Miller et al. 2010 ) and the first part of IOS2014 was published in the ICES Journal of Marine Science (Morales-Nin and Geffen 2015) . We are happy to have the opportunity to release another special otolith issue here now, and to share the diversity of research and applications of otoliths and other calcified tissues. It is clear that these methods are no longer primarily fisheries orientated, but have an important role in marine ecology and marine resource management. 
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